1 In order to solve the problems of welding deformation in the process of calibrating the medium and small tonnage crane arm's, method of LS-SVM was introduced in the paper. Using the deformation of the crane arm cylinder as the input of the LS-SVM, and using the pressure of the hydraulic system as the output of the LS-SVM. The model was trained, in the mean while the theory of the Genetic algorithm was adopted to optimize the parameters of Kernel function and the Penalty factor, in the process the Error function was defined as the evaluation index, in the end the parameters of Kernel function and the Penalty factor was confirm, σ=2.7 and c=37. Finally, in order to verify the feasibility and accuracy of the model, the intelligent hydraulic pressure calibration device which was based on the LS-SVM was used in the actual calibrating work. The result shows that the device for correction of the deformation has a good effect, the deformation of after calibrating was reduced apparently, and its maximum deformation was less than 2mm. The intelligent hydraulic pressure calibration device based on the LS-SVM could replace the traditional calibration methods, this method was an effective correction method at present.
INTRODUCTION
Crane boom component of medium and small tonnage crane which as core and main load-bearing structure worked under the dynamic load whatever the condition was hoisting, derricking or slewing, so the elastic deformation and vibration was obvious. Thus the quality of the workpiece affect the medium and small tonnage crane industrialization directly, design and manufacture of quality crane has a close relationship with the machine safety. Crane boom is usually formed by multiple class tubular welding into the cylinder, because of the accuracy requirement of manufacture the crane boom, the measure correction of the crane boom must be undertaken after welding.
Due to research on welding deformation, method of finite element analysis was adopted to analyze the welding deformation according to different research object, meanwhile the corresponding method to improve the welding deformation problems was proposed [1] [2] [3] . In order to solve the deformation of sheet in the process of welding, the method of gas cooling was used in the process of welding deformation control, the welding deformation was reduced by 71% and the stress and strain were also reduced through the experimental test [4] . Numerical model was built to predict welding deformation, considering the influence of welding temperature on welding deformation, different dimensions and area of welding were used to control the welding deformation, results shown the good control of the welding deformation by using the proposed method [5] .
This paper aims to solve the problem of welding deformation of medium and small tonnage crane arm tube, the method of least squares support vector machine (LS-SVM) was proposed to calculate the correction force of the hydraulic straightening device, the system take the deformation of welding as the input and the desired correction force as the output to train the LS-SVM model, then use the built model to predict the correction force in application. So the research possesses a broad application value.
THEORY OF LEAST SQUARES SUPPORT VECTOR MACHINE
SVM is a machanical learning method which was developed by Vapnik [6] [7] for solving problems of pattern recognition and regression based on the theory of statistics. The theory of SVM is established bases on the VC dimension theory and the structural risk minimization principle, the aim of the method is to get the best generalization ability according to the complicated of the model and the learning ability of the model. The core idea [8] [9] of the SVM is that map the nonlinear problem of the input space to the high dimensional feature space through the nonlinear transformation by the defined kernel function, then looking for the nonlinear relationship between the input and output in the high dimensional feature space.
Assuming φ(xi) was the nonlinear mapping, mapped the n dimension sample data (x1, y1), …(xl, yl) ∈R n to high dimensional feature space and according to the structural risk minimization principle to solve optimization problem of equation (1).
Where Re represents empirical risk; c represents penalty factor; ε represents sample error; b represents offset; w represents normal vector of a hyperplane.
Convert the SVM optimization problem into a quadratic programming problem, and using the kernel function to replace the dot product operation in high dimensional space, thus the equation (1) can be converted into equation (2) which called LS-SVM optimization problem [10] [11] [12] . the optimization goal loss function was quadratic term of error ξi
In order to solve the optimization problem, change the constraints to equality constraint and the lagrangian factors ai (i=1, 2, … , n) was introduced, thus the lagrangian function was built as equation (3).
In order to obtain the minimum value of the objective function, partial derivative of lagrangian function must be 0, as equation (4).
Eliminating ω and εi, the desired optimization problem is transformed into solving linear equations (5) .
Solving the convex quadratic programming and linear equations to get the optimal solution, defined K(xi,xj)=φ(xi)φ(xj) as the kernel function, thus the regression function was equation (6) .
The commonly used kernel function were: radial basis function; polynomial kernel function; linear kernel function; sigmoid kernel function. Expression of radial basis function was as equation (7).
Where σ was kernel parameter.
INTELLIGENT HYDRAULIC SYSTEM MODELING BASED ON LS-SVM
In order to calibrate the deformation of the welding deformation of crane arm tube, the LS-SVM was adopted as the control method of the control unit, the model took the measured deformation of the crane arm tube as the input of LS-SVM and took the desired pressure of hydraulic system as output of LS-SVM.
Arm of medium and small tonnage crane is usually circular tubular structure, its diameter is equal, but diameter where deformation area was difference from others. Take the size of the deformation and correspondence force of jack as training sample.
Establishing the intelligent hydraulic model according to the sample data and radial basis kernel function was selected as the kernel function of this article. The penalty factor c and the kernel parameter σ had a influence on model's error according to LS-SVM, so they must be optimized in the process of training.
Parameter Optimization Of LS-SVM Model
Genetic algorithm was used in paper to optimize the penalty factor c and the kernel parameter σ [13] [14] [15] [16] [17] . Steps of optimization were as follows: 1) Training sample and check sample were seclected to generated the initial group. Setup value range of penalty factor c and the kernel parameter σ were (0,100) and (0,10) respectively.
2) Setup the crossover probability was 0.6, mutation probability was 0.2, population size was 30, evolutionary generations were 300.
3) Optimized penalty factor c and the kernel parameter σ were obtained after training.
Fitness function of genetic algorithm as equation (8) 
Where yi was desired output; f(xi) was actual output; e was a small positive number, its role is to prevent the denominator is zero and the value here was 10 -3 . The assessment criteria was selected to optimized model, defined the error function MSE as:
Where yi was desired output; f(xi) was actual output. In order to compare the error effect of before and after optimization, figure 2 shown the error under initial condition of parameters. From the figure 2, value of the assessment criteria was large so the request was obviously not satisfied. After 227 steps of iteration after introduced the genetic algorithm, value of the assessment criteria declined dramatically, and figure 3 shown the error after optimized. The final penalty factor c and the kernel parameter σ were obtained, c=37; σ=2.7. Thus the final prediction model was built based on LS-SVM.
VALIDATION AND APPLICATION OF THE ESTABLISHED INTELLIGENT HYDRAULIC SYSTEM

Validation Of The Model
In order to verify the feasibility and accuracy of the intelligent hydraulic system which based LS-SVM, the detection and the calibration on the welding deformation parts were carried out. 10 same specification of crane arm tubes with welding deformation were selected randomly, welding deformation of the 10 crane arm tubes was measured and took the measured deformation as the input of the established intelligent hydraulic system to calculate the desired pressure of the hydraulic control unit. Measuring the deformation after calibration to view accuracy of intelligent hydraulic system. Figure 4 shows the contrast of correction of deformation. From figure 4, welding deformation was large before calibration, the maximum deformation was about 10mm. But after calibration by the intelligent hydraulic system based on LS-SVM, the deformation decreased obviously and maintain at about 1 mm, the maximum deformation was not more than 2mm. Result shown the proposed method to solve the problem of welding deformation was a practical correction method.
Application Of The Model
In order to verify the effectiveness in large scale correction work, the built intelligent hydraulic system was applied in actual correction work and took measurement randomly to view the effectiveness of system. Roundness error was used to evaluate the system in paper.
Roundness error evaluation mainly had four methods. Minimum zone method; least square method: Minimum circumscribed circle method and maximum inscribed circle method. Main measuring method of roundness were: rotation method, three point method, two point method, projection, coordinate method, etc.
Based on the method of minimum circumscribed circle for evaluation principle and the two point measuring method to measure roundness error of crane arm tube. Measured and recorded the roundness error of the crane arm tube randomly everyday. Table 1 shown the roundness error partly. From table 1, the roundness error maintain within 2 mm, and there were only three points with the roundness error more than 2 mm and did not exceed allowable values, so its a small probability event. Therefore, the proposed method in paper meet the requirements in the long term correction work, it can greatly improve the correction work efficiently.
CONCLUSION
In view of inconvenient and complexity of traditional welding distortion correction in application of medium and small tonnage crane arm tube, intelligent hydraulic pressure calibration system was built based on multi-sensor information fusion of least squares support vector machine. The model took the welding deformation as the input of model and the desired pressure of hydraulic system as the output of model to train the LS-SVM model, meanwhile the genetic algorithm theory was introduced to optimize the penalty factor c and the kernel parameter σ. In order to verify the feasibility and accuracy of the intelligent hydraulic system, 13 deformation zone of 10 same specification of crane arm tubes were measured, then calculated the pressure of hydraulic system to calibrate the deformation, the result shown the welding deformation was improved and the maximum deformation was control under 2mm. Finally the proposed method was used in real application, and the roundness error of carne arm tube was measured to validate the system.
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